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Abstract

Indicators of riparian ecosystem condition for headwater coastal plain streams were identified from data obtained from a
reference population of reaches ranging widely in ecological condition. Each indicator was associated with some facet of
hydrologic, biogeochemical, and/or habitat functioning and to channel condition, riparian zone condition, or both. Variation in the
condition of the indicators among reference reaches provided a framework for developing narratives that could be used to partition
and score the condition of the indicators from 0 (severely altered) to 100 (relatively unaltered). The developed narratives were the
basis for creating a scoring approach for assessing stream condition at the reach scale (100-m long x 60-m wide segment). This
approach was designed to be arapid, field-based assessment method (<1 h/site) that could be applied by resource professionals with
several days of training in the method. Although most alterations to riparian reaches usually affect both channels and riparian zones
together, the ability to score channel and riparian zone condition separately is useful for diagnosing problems and suggesting viable
restoration options at the reach scale. The assessment method is also useful for comparing the condition of reaches relative to one
another, thus offering guidance for prioritizing restoration efforts at a watershed scale.
© 2006 Elsevier Ltd. All rights reserved.
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nation’s waters, there has been a demand for scienti-
fically defensible procedures for diagnosing problems
and providing solutions for improving aquatic health
(Kurtz et al., 2001; Bernhardt et al., 2005). For stre-
ams, almost all effort has been devoted to perennial
streams with some minimum base flow, usually more
than 5 ft*/s. This is partly because high base flow is
required to conduct fish and invertebrate Index of
Biological Integrity (IBI) assessments. As a conse-
quence, the condition of headwater (intermittent first to
third order) streams, and particularly the intermittent
ones, have been received scant attention. Also, unless
there are extensive wetlands associated with the riparian
zones being assessed or monitored, the condition of
streamside habitat is seldom considered, except where
riparian zones are explicitly and separately assessed
(Bjorkland et al., 2001; Munné et al., 2002). At any rate,
stream condition and wetland condition are almost
always evaluated by different groups with different
expertise, and although riparian condition affects
stream condition and visa versa (especially in head-
water reaches), assessments that evaluate both stream
and riparian zone have seldom been integrated.

Although headwater reaches have received scant
attention in water quality studies, their condition is
particularly important to aquatic health because they
disproportionately affect water quality in downstream
rivers and estuaries (Brinson, 1993). This is because
headwater reaches are in closest contact with sources of
non-point-source pollution and they constitute 70-85%
of total stream length in any given watershed
(Rheinhardt et al., 1999, 2005). Non-point-source
pollution is the major factor affecting poor water
quality in most streams and rivers in the agricultural
landscape of the southeastern U.S. coastal plain
(Lowrance et al., 1997).

The Atlantic Slope Consortium (ASC), a colla-
boration of 30 scientists from 6 research institutions,
engaged in developing and testing ecological and
socioeconomic indicators of aquatic health over a
wide geographic region of the Atlantic Seaboard
(http://www.asc.psu.edu/overview.asp). One of the
ASC'’s four working groups, the Watershed Working
Group, developed and tested a suite of biophysical and
socioeconomic indicators that could be used to assess
condition of headwater riparian ecosystems at spatial
scales ranging from reach (site) to watershed to
ecoregion. The ultimate goal was to provide end users

(e.g., resource managers, policymakers, assessment
protocol developers, etc.) with guidance on choosing
appropriate indicators and information on the inherent
sensitivity of those indicators.

The study area of ASC’s Watershed Working
Group encompassed the drainage basins of the three
major estuaries of the mid-Atlantic coast of the U.S.:
Delaware Bay, Chesapeake Bay, and Albemarle-
Pamlico Sound (http://www.asc.psu.edu). This is an
enormous, ecologically and culturally diverse area
covering 280,479 km? across eight states, five physio-
graphic provinces, and at least six ecoregions
(depending on authority) (Fig. 1). Potential indicators
of riparian condition were initially identified for this
entire study region, with the caveat that some
indicators would not be appropriate for all regions,
that further refinement and calibration would likely be
required even for those indicators that are appropriate,
and that additional indicators would be identified in
the course of field studies. The focus of this study is to
illustrate how one can go about using results of
research and published scientific studies to identify
and calibrate indicators that can be used by resource
managers to rapidly assess the condition of headwater
riparian ecosystems. The foundation of the approach
taken is that scoring of an indicator’s condition is
reference-based, i.e., scoring is based on variation in
condition among real sites (reference sites). Therefore,
before an indicator can be identified and its potential
variation in condition defined, it is critical to anchor
the method in reality by defining the reference
framework as narrowly as practical.

1.2. Defining the reference framework

This study describes how we began with the initial
suite of indicators and stressors measured in reaches
sampled in the ASC study region, identified those that
seemed to be relevant to the inner coastal plain of North
Carolina, adapted them to fit biophysical conditions
inherent there, and calibrated the adapted indicators to
the range of conditions typically encountered in the
southeastern coastal plain. We then developed, field-
tested, and refined the assessment protocols with input
and feedback from resource practitioners who would
be the end-users of the protocols in North Carolina:
North Carolina Ecosystem Enhancement Program
(NCEEP) personnel and environmental consultants
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Fig. 1. Study region of the Atlantic Slope Consortium.

who contract with NCEEP in watershed planning
(Rheinhardt et al., 2005; Brinson et al., 2006).

Reaches were assessed in three watersheds in
North Carolina as part of the ASC watershed chara-
cterization effort: Contentnea, Grindle, and Ahoskie
(Fig. 2). In all three watersheds, mixed hardwood
forests or managed pine plantations tend to occupy the
flat inter-stream divides and floodplains of high order
streams, while agriculture dominates the better-
drained landscape between the divides and larger
streams. The majority of stream length occurs in this
agriculturally dominated landscape position in the
better-drained middle region.

From previous studies (Rheinhardt et al., 1998,
1999), we knew that low and high order coastal plain
streams differ in structure and function (except when
channelized). Low order streams have intermittent flow
that is primarily driven by groundwater discharge while
higher order streams are intermittent to perennial that
generate sufficient peak flows to put them in regular
contact with their floodplains. Therefore, pre-classify-
ing streams as high or low order was an important pre-
requisite for developing a reference-based framework
for evaluating riparian condition. Differences between
low and high order streams in hydrodynamics are
responsible for differences in biogeochemical and
habitat functioning as well. In unaltered low order

streams, nutrient transformations occur when surficial
groundwater passes through organic-rich surface soils
and root zones before entering channels (Bohlke and
Denver, 1995); in higher order streams, nutrient trans-
formations are also associated with flooding events
when aerobic and anaerobic conditions in close
proximity provide ideal conditions for denitrification
(Clement et al., 2002). Forest composition is also
affected by hydrologic differences between low and
high order systems, with more flood-tolerant species
dominating riparian zones of higher order streams
(Rheinhardt et al., 1998). These differences underscore
the importance of pre-classifying stream types and
creating a reference framework of field sites that
represent the range of ecological conditions for each
class (Rheinhardt et al., 1999).

2. Methods
2.1. Data collected at the reach scale

Reach-level data were collected on 14 pages of
Stream—Wetland—Riparian (SWR) field data forms (the
4 pages most pertinent to this paper are provided in
Appendix A). Some of those data were specifically
intended to help identify potentially useful indicators
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Fig. 2. Three study watersheds in coastal plain North Carolina.

for assessing riparian condition. In testing the applic-
ability of the SWR data forms in North Carolina, we
found that the pages initially prepared for Stream
Habitat Assessments (SHA) did not reflect conditions in
coastal plain streams, especially headwater reaches.
The SHA data forms were originally developed by EPA
(Barbour et al., 1999) to assess stream habitat condition
based on reference conditions of perennial streams in
regions other than the coastal plain. It was clear from the
scoring protocol on the forms that the reference streams
had naturally rocky substrate and moderate sinuosity.

North Carolina coastal plain streams are neither
rocky nor sinuous and headwater reaches often have
intermittent flow. In fact, SHA reference conditions
were so different (off reference) in coastal plain streams
that many of the EPA descriptors were meaningless.
For descriptors that could be applied, the EPA protocol
scored some of the least altered coastal plain streams
very low and some of the most severely altered very
high. Therefore, to avoid acquiring inappropriate data,

we developed an alternative protocol that better
reflected conditions inherent to coastal plain streams,
but maintained the four-tiered condition approach
developed by Barbour et al. (1999). However, to
account for differences in reference conditions between
low and high order reaches, indicators identified for the
two stream types were calibrated separately.

3. Results and discussion

3.1. Summary of ASC data for sampled North
Carolina watersheds

The presence of environmental stressors (both on
and off sites) was recorded for both the stream channel
and the riparian zone in each reach sampled (see field
data sheets in Appendix A for list). A summary of
stressor categories by watershed and stressor type
confirmed that some classes of stressors rarely or
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Table 1
Total number of times stream stressors were recorded, by watershed
and category, in randomly assessed North Carolina watersheds

Contentnea  Grindle ~ Ahoskie
Stream stressor categories
Hydrologic modifications 20 29 34
Sedimentation/erosion 27 52 52
Vegetation alterations 20 11 7
Dissolved oxygen (DO)" 2 5 1
Contaminants/toxicity " 0 0 0
Eutrophication” 1 0 1
Acidification” 0 0 0
Turbidity” 0 0 2
Thermal alteration” 1 0 0
Salinity stress” 0 0 0
Riparian stressor categories
Hydrologic modifications 4 15 21
Sedimentation/erosion 8 7 13
Vegetation alterations 9 27 22
Dissolved oxygen (DO)" 0 0 0
Contaminants/toxicity” 0 0 0
Eutrophication” 0 0 0
Acidification” 0 0 0
Turbidity” 0 0 0
Thermal alteration” 0 0 0
Salinity stress” 0 0 0

Stressor categories denoted with an asterisk (*) are ones rarely or
never encountered in NC watersheds.

never occurred in North Carolina coastal plain
watersheds (Table 1). Only three stressor categories
were common in the coastal plain reaches: Hydro-
logic modifications, Sedimentation/erosion, and
Vegetation alteration. As a consequence, Stressors
in these three categories were used to define and
calibrate some of the indicators of condition identified
as pertinent for assessing condition of inner coastal
plain riparian ecosystems.

3.2. Using ASC data to develop indicators of
riparian condition

In developing an assessment protocol specific to
the inner coastal plain of North Carolina for NCEEP,
data collected under the ASC data collection effort
were used in conjunction with data from on-going
studies in the Contentnea watershed on the relation-
ship between water quality and riparian condition.
In all, nine field indicators were identified as being
useful for characterizing the condition of coastal
plain streams (Table 2). These nine ““indicators” were

in a sense multivariate, in that the score of each
indicator relied on one or more field observations. The
indicators could also be aggregated to characterize
hydrologic, biogeochemical, or habitat functioning.
In so doing, the suite of condition indicators at one
level were aggregated to provide another more encom-
passing indicator of function at the next level of
aggregation.

Stream Habitat Assessment scores were originally
partitioned into four tiers, ranging from 0 to 20
(Appendix A), following scoring categories developed
by Barbour et al. (1999). For each condition category
above, descriptors were provided to allow field crews to
identify and score the condition of an indicator within
each of the above four categories. Descriptors of
indicator conditions were derived from a reference set
of inner coastal plain sites ranging from least to most
altered. In this way, the relative strengths of indicators
were calibrated using variations in conditions among
real (reference) sites. Further, by explicitly describing
variations in conditions within each category based on
reference conditions of low and high order subclasses,
we were able to minimize the amount of ‘“best
professional judgment” that could be interjected into
scoring indicators. This differs from an approach
developed in Europe whereby an expert system leads
the user through a decision tree to identify combinations
of processes that can be attributed to functions of
hydrogeomorphic units within a stream reach or
wetland (Mclnnes et al., 1998).

3.3. Indicators adopted for the NCEEP
assessment protocol and rationale for adoption

In regionally adapting the ASC data to develop a
protocol for coastal plain streams, we first determined
which data categories could be eliminated as
inappropriate, which could be used as is, and which
data could be combined into new field indicators.
However, in adopting indicators, all indicators had to
be separately recalibrated for assessing low (first and
second) order and high (third and fourth) order
reaches. We also adopted a consistent field scoring
structure for all indicators that ranged from O to 100,
wherein ‘“‘relatively unaltered” scored 90-100 for a
given indicator condition, 60-89 for a ‘‘somewhat
altered” condition, 30-59 for an ‘““altered’’ condition,
and 0-29 for a “severely altered” condition.
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Indicators adopted for NCEEP riparian assessment protocol, source of reference data, and rationale for adopting indicators

Indicator
(Appendix B)

Source of data
(Appendix A)

Rationale

Riparian zone cover
(RZC): 0-30m

Near-stream cover
(NSC): 0-3m

Instream woody
structure (IWS)

Sediment regime (SR)

Channel-riparian zone
connection (CRZC)

Pollution affecting
stream (PAS)

Factors affecting
riparian zone (FARZ)

Habitat quality of
riparian zone (HQRZ)

Stream bank stability

Condition of riparian zone Forested riparian zones contribute to infiltration of precipitation,

beyond streamside zone
Condition of streamside
buffer zone (0-3 m)

Availability of
epifaunal habitat
Sediment regime
Channel flow regime

From stressor checklist
From stressor checklist
From quantitative

vegetation data
Bank stability and

groundwater storage, and evapotranspiration

Plants nearest the stream channel provide the channel with organic matter
from litterfall for microbial metabolism, stabilize banks to reduce sediments
from entering stream, contribute organic matter to soil for denitrifiers, and
take up nutrients for plant growth

Wood in channel creates riffle and pool sequences that dissipate energy of
flowing water and store water in pools during low flows

Excessive sediment may transport phosphorus and heavy metals to the channel
Overbank flow dissipates energy, thus reducing channel incision and bank
erosion. Storage of water in floodplains reduces downstream flood peaks

and contributes to de-synchronization of flood pulses at watershed scales
Impervious surfaces increase flashiness of flow and may lead to channel
incision, bank erosion, and a decrease in groundwater discharge

Alterations, ranging from conversion to impervious surface to filling with
spoil, interfere with hydrologic functioning

Forest species composition, forest age, and 3-D structure contribute to nesting,
foraging, and denning opportunities that are otherwise absent in altered forests
Degree of bank erosion, when excessive, increases suspended sediments downstream.

(SBS) headward cutting

(Not used in rural low order streams because of difficulty in assessing.)

Indicators are described in detail in Appendices A and B.

SHA indicators for “‘Epifaunal habitat,” “Channel
flow regime,” and ‘“Bank stability”” (Appendix A)
were adopted for the NCEEP protocol, but renamed,
respectively, “Instream woody structure,” “Channel—
riparian zone connection,” and ‘‘Stream bank stabi-
lity” (Appendix B). Indicators for ““Streamside buffer
zone” and “‘Riparian zone beyond streamside zone”
(Appendix A) and quantitative vegetation data were
combined to derive into an indicator called ‘“Habitat
quality of riparian zone” (Appendix B). Two
additional indicators were identified and calibrated
from ASC data on stressors: “Pollution affecting
stream” and “‘Factors affecting riparian zone.” Two
other indicators on buffer zone quality were derived
from the field sketch maps (described in detail below):
“Riparian zone cover’” and ‘“Near-stream cover.”

Calibrations of indicator scoring as embodied in the
narrative descriptions were arrived at iteratively.
Condition descriptions were initially based on field
data from reference sites, but then they were field
tested and revised numerous times until we were
confident that the entire range of variation for each
indicator had been taken into account in the narrative
descriptions. Feedback from resource professional
during field training was also useful in this regard. All

indicators identified for the NCEEP riparian protocol
are described below. Rationale for choosing the
indicators and their calibration is also provided.

3.3.1. Riparian zone cover

The quantity and quality of living and detrital
biomass is very important to hydrologic, biogeochem-
ical, and habitat functioning of riparian zones. “Riparian
zone cover” (RZC) influences the hydrologic regime,
including evapotranspiration (ET) rates, infiltrations
rates, and overland flow. Infiltration in the riparian zone
is greater under forested conditions than for other land
covers (Gilliam, 1994; Gregory et al., 1991; Snyder
et al., 2003). ET rates tend to be positively correlated
with leaf area index, and are thus proportional to living
biomass in the early stages of forest succession.
Overland flow from adjacent land uses may be more
effectively intercepted, dispersed, and absorbed by
forestcover as long as gullying does not occur. (Gullying
isnotas great a problem in most areas of the coastal plain
as it is in Piedmont and Ridge & Valley provinces.)

Biogeochemistry is similarly affected by riparian
zone condition because forested riparian zones
intercept nutrients transported by ground water and
trap sediments transported by surface water through
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the riparian zone. In addition, the capacity of forests to
store nutrients, both above and belowground, is
greater in forested conditions than other cover types.
For habitat maintenance, mature riparian forests
provide structure for riparian-dependent animals. In
addition to canopy trees and other strata, snags and
downed wood are essential for maintaining a suite of
vertebrates and invertebrates that depend upon large
detritus for food and cover (Hyatt and Naiman, 2001).
Both vertical and horizontal structural complexity is
higher in forests than in other cover types and they
tend to increase with forest age.

In the initial sampling of reaches, a cover-type
matrix and a sketch map were filled out for each reach
to characterize the cover types comprising the riparian
zone. Although only 4 cover categories were recorded
on the matrix, as many as 12 cover categories could be
labeled on the sketch map. In revising the sketch map
for the NCEEP assessment protocol, the cover-type
matrix was expanded to accommodate nine cover
classes, including five forest categories representing
different age classes (Table 3). They were chosen
because they represented the typical types of cover
categories that occur in the agriculturally dominated
landscape of the inner coastal plain. In the NCEEP
protocol, the cover-type matrix was also re-designed
to incorporate three zones within 30 m of the channel:
a near-stream zone 0-3 m from the channel, a middle
zone 3—15 m from the channel, and an outer zone
15-30 m from the channel. The scoring scale was also
revised to range from 0 to 100, with 100 representing
the best (least altered) condition.

The 30 m riparian zone outer boundary was chosen
as the probable extent of influence of Riparian zone

Table 3
Relationship between cover-type and biomass

cover because riparian forests generally reach 30 m in
height. Therefore, a 30 m tall tree growing within the
30 m riparian zone would have better than a 50%
chance of falling, at least partially, into the riparian
zone. Of those that do so, the tallest ones would even
be capable of contributing wood (detritus) to the stream
channel (closer trees would have a better chance). The
outer boundary of the 15 m middle zone was chosen to
correspond with the 50 ft boundary of North Carolina’s
buffer rule legislation and the 0—3 m zone was chosen
to correspond to the zone that would most likely affect
channel processes (see Section 3.3.2).

Calibration of scores for other cover types (within a
column) was based on our study of biomass in 19 sites in
the inner coastal plain (Brinson et al., 2006). The scores
represent variations in total live aboveground biomass
and detrital biomass (both aboveground detritus and
shallow soil organic matter) among cover types (Fig. 3
and Table 4). The older cover types (with higher living
and detrital biomass) represent more nutrient storage, a
larger source of dissolved organic matter (DOC) for
microbial processes (Seitzinger, 1994), more above-
ground habitat complexity (older trees and snags) for
wildlife (Gregory et al., 1991), a greater capacity to
intercept groundwater, and higher capacity to trap
sediments and nutrients in overland flow.

Cover types recorded within each zone were used to
develop an indicator of riparian zone condition. The
least altered condition would have Old Forest (>75
years old) growing throughout the 0-30 m riparian
zone on both sides. In the protocol adapted for use in
the NCEEP riparian assessments, RZC scores across
rows (distances from stream) were scaled to also
incorporate the diminishing influence of RZC with

Cover type Age midpoint Biomass (Mg C/ha) Derived index
Old Forest (>75 years) NA 440 1.00
Mature Forest (50-75 years) 62.5 375 0.85
Young Forest (25-50 years) 37.5 275 0.63
Successional Forest (5-25 years) 15.0 160 0.36
Recently Harvested (0-5 years) 2.5 70 0.16
Shrubs/Saplings NA 63 0.14
Perennial Herb (including residential lawns) NA 38 0.08
Annual Rowcrop NA 20 0.08
Impervious NA 0 0.00

Biomass data from Brinson et al. (2006) represent 31 sites. All riparian zone condition scores are indexed using Old Forest as the condition
standard (1.0). Old Forest biomass in riparian zones reaches an asymptote at about 440 Mg C/ha after about 100 years (Fig. 3).
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from Giese et al. (2003) in South Carolina. Curve fitted using a
polynomial function.
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distance from a stream (maximum 50 points per side
or 100 points total for Old Forest) (Table 4). It also
allows for assigning proportions of each riparian zone
to particular cover classes to obtain a weighted
average. Therefore, the RZC indicator is a multi-
variate in that it takes into account both biomass and
distance from stream in characterizing riparian
condition and its effects on hydrology, water quality,
and habitat quality. This indicator was scored from
ASC reach data by using sketch map information
recorded in the field.

3.3.2. Near-stream cover

Both biogeochemistry and habitat of the stream
channel are influenced by the types of vegetative cover
nearest the stream, i.e., in the 0-3 m streamside zone.
Vegetation nearest to the stream channel affects
instream habitat by contributing leaves for shredder
biota (Cuffney, 1988), by providing a source of large
downed wood to the channel for instream structural
habitat complexity (Gregory et al., 1991), and by
increasing shade that ameliorates stream water

NCEERP riparian protocol cover-type matrix to score ‘“‘Riparian zone cover” (RZC) and ‘“Near-stream cover” (NSC) by accounting for cover
types and their distances from channel

LEFT SIDE ZONE
Propor Propor Propor

Land use by cover type 0-3m | -tion | 3-15m | -tion |15-30 m| -tion
Old Forest (=75 yr) 20 25 5
Mature Forest (50-75 yr) 17 1.0 22 0.25 4
Young Forest (25-50 yr) 13 16 0.25 3
Successional Forest (5-25 yr) 7 9 2
Recently Harvested (0-5 yr) 3 4 1
Shrubs/Saplings 3 3 1

Perennial Herb 2 2 0.50 0 0.25

Annual Rowcrop 1 1 0 0.75
0 0 0

© Towl [l 170 S 105 ] 000

] Nsc= a5 il RZC= 275

Weightings are based on Old Forest as the condition standard (see index derivation in Table 3), with 50 being the maximum potential score for the
30 m zone on each side of stream (i.e., all Old Forest). NSC is 2.5 times the 0—3 m score to convert the score to a 0—100 scale. Shaded grey boxes
provide an example of the cover class(es) that might occupy each zone: Mature Forest (0—6 m), Young Forest (69 m), Perennial Herb (9-19 m),
Annual Rowcrop (19-30 m). Proportion means proportion of zone occupied by the identified cover class(es), which provides for a weighted

average. Data for both left and right sides were recorded and summed.
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temperature. Litterfall is also a relatively labile source
of dissolved organic carbon (DOC) for microbial food
webs (Sabater et al., 1993). Streamside vegetation is
important in stabilizing stream banks, thus reducing
erosion and preventing nutrient—laden sediment from
entering streams. In addition, vegetation nearest a
stream provides the best opportunity for nutrient
uptake and transformation because it is often closest to
the areas of groundwater discharge into streams. In
low order streams, tree roots extend into the stream
channel, creating small pools that trap leaf litter.

For the NCEEP riparian assessment protocol,
scoring for “Near-stream cover” was derived from
the RZC condition by multiplying the inner (0-3 m)
zone portion of the score by 2.5, to convert the NSC
score to a 0—-100 scale. For example, a RZC score of
17 for the 0-3 m zone (Old Forest) would be con-
verted to 42.5 (17 x 2.5) (Table 4). Relatively
unaltered reaches, which have the most biomass
and highest structural complexity in the near-stream
zone, obtain the maximum possible score for NSC
(50 points per side). Severely altered reaches often
consist of annual rowcrops at the stream’s edge (such
streams are always channelized) or impervious cover
(at road crossings).

3.3.3. Instream woody structure

Wood in stream channels affects hydrology by
creating the coastal plain equivalent of pool and riffle
sequences in other physiographic regions. Instream
wood dissipates the energy of flowing water and traps
water in pools during low flows (Harmon et al., 1986).
In small, unchannelized streams, live tree roots play
this role (Brinson et al., 2006). Woody structure affects
biogeochemistry by providing a surface for microbial
activity and a potential source of DOC that is released
into the water slowly over long periods. DOC can be
used as an energy source for microbial processes.
Instream wood also provides structural habitat
complexity for epifauna and epiphytes (Thorp et al.,
1985). In larger streams, fish and invertebrates may
use woody structure for resting during high flows
(Seastedt et al., 1989).

This indicator characterizes the structure and quality
of detrital material in the stream channel. “Relatively
unaltered” channels have large down wood (LDW) in
a variety of decay classes and other detrital matter
(leaves, twigs) in the channel. (Smaller streams have

trees growing alongside the channel roots that that trap
litter.) At the other extreme, the “‘severely altered”
condition, channels lack woody material, and in
extreme case, may even be lined with rocks or concrete.
Scoring the condition of channel woody structure
involves determining variations in size and decay of
wood in the channel following the protocol outlined
for Instream woody structure (Appendix B). Data for
this indicator were initially recorded in the Stream
Habitat Assessment data sheets under ‘“Availability
of epifaunal habitat” (Appendix A). The condition
descriptions were reworded slightly for the NCEEP
protocol to clarify scoring and make it more relevant
to coastal plain streams.

3.3.4. Sediment regime

This indicator is related only to the biogeochem-
istry of free-flowing stream channels. It was not
designed to be used to assess channels that had been
backed up by an impoundment (e.g., by beaver). In
such cases, indicators would either fail to develop
adequately or would not be readily observed.

Excess sediment in free-flowing headwater reaches
may come from roadside ditches that enter streams at
road crossings, from field ditches that connect directly
to channels, and from overland flows that transport
surface water from sparsely vegetated agricultural
fields through poorly vegetated riparian zones to stream
channels. Suspended sediments influence channel
biogeochemistry by acting as a carrier of sediment-
bound phosphorus (Cooper and Gilliam, 1987), the
major mechanism by which phosphorus (and heavy
metals) (Hupp et al., 1993; Noe and Hupp, 2005) are
transport by fluvial systems (Johnston, 1991). Phos-
phorus enrichment may change the N/P ratio of the
stream and enrichment with heavy metals may harm
intolerant aquatic biota. Stream channel habitat can also
be compromised when excess sediment lowers water
transparency, suppresses primary production of epi-
phytic algae (Jacobs et al., 1990), and buries the habitat
of benthic and epiphytic organisms.

Water in relatively unaltered headwater streams
naturally runs clear, or if originating in flats, is dark
in color due to fulvic and humic compounds. A
severely altered sediment regime deposits thick layers
of coarse sediment (sand and silt) in channel bottoms
and is particularly evident when suspended during
and after heavy rains. Thus, excess sediment indicates



348 R. Rheinhardt et al./Ecological Indicators 7 (2007) 339-361

erosional problems within a reach (on site) and
upstream (off site) from the assessed reach. In
adapting this indicator to the NCEEP riparian
assessment protocol to determine the degree of
alteration, calibration of the indicator was based on
the thickness of the sediment on the stream bottom
and/or its floodplain and the degree to which sediment
could be re-suspended by shuffling feet on the stream
bottom (Appendix B).

This indicator was assigned the same name in both
the ASC SHA data sheets (Appendix A) and the
NCEEP data sheets (Appendix B). In revising the
indicator for NCEEP riparian protocol (Table 2),
thickness and coarseness of sediments were stressed
more in scoring condition than was the amount of area
covered.

3.3.5. Channel-riparian zone connection

Overbank flow is the major mechanism by which the
channel and riparian zone are hydrologically con-
nected, and thus is fundamental to the characteristic
functioning of riparian ecosystems (Arcement and
Schneider, 1989; Benke et al., 2000). Greater channel
capacity of channelized and incised streams, compared
to natural channels, requires greater flow volumes to
reach a stage at which overbank flow is initiated. This
can greatly reduce the duration and frequency of
flooding or eliminate it altogether. A reduction in turn
affects biogeochemistry in at least two ways: (1) the
lowered water table in the riparian zone may eliminate
contact of surficial groundwater with the organic-rich
surface horizons of the soil, thus reducing the potential
for denitrification (Bohlke and Denver, 1995) and (2) a
lowered water table exposes the soil column to greater
aeration, thus suppressing anaerobic processes that are
common in the floodplains of headwater streams. For
biogeochemical processes as a whole, the system
becomes more oxidized, which reduces the capacity to
accumulate organic matter.

Hydrologic alterations caused by channelization or
incision also adversely affect habitat for aquatic and
wetland-dependent species; in the riparian zone,
hydrophytes are less likely to be sustained. Within
the stream, greater flow velocities, especially during
storm flows, increase sediment concentrations through
re-suspension and scour, thus degrading habitat.

This indicator relies on evidence of channel
widening and incision. In relatively unaltered

streams, there is usually strong evidence of overbank
flow (wrack, sediment, water marks) with no evidence
of channelization (i.e., spoil banks and a straightened
channel). Severely altered reaches show no evidence
of overbank flow and in higher order streams, high
linear spoils piles are usually evident. In low order
reaches, the floodplain has usually been buried with
spoil derived from channelization to increase arable
land. Scoring of channel-riparian zone connection
depends upon the relative strength of evidence
relating to overbank flow as outlined in the
“Channel-riparian zone connection” condition
description (Appendix B).

Data for this indicator were initially recorded in
the SHA data sheet under “Channel flow regime”
(Appendix A and Table 2). In revising the indicator
for NCEEP riparian protocol, indicators of overbank
flow were stressed rather than degree of incision beca-
use we found that indicators of past flooding were more
easily identified than measuring the incision ratio.

3.3.6. Pollution affecting the stream

Pollution affects streams both by entering a reach
from upstream and by entering within a reach itself.
The degree of pollution is determined by the types and
concentrations of pollutant sources and their distances
upstream (King et al., 2005). Pollutant sources include
roadside ditches, channelized tributaries originating in
agricultural fields (a conduit for fertilizer runoff), and
drainage from impervious surfaces. Pollutant sources
contribute excess nutrients (primarily nitrogen and
phosphorus) and/or toxic pollutants to stream chan-
nels, thus interfering with normal biogeochemical
cycling (Jordan et al., 1993; Lowrance et al., 1984;
Peterjohn and Correll, 1984). Habitat is also adversely
affected by nutrient or chemical additions (Vargo
et al., 1998). Excess nutrients in the presence of
sufficient sunlight can create algal accumulations that
may lead to nighttime anoxia. Toxic chemicals can
directly poison stream organisms.

Pollution sources within the reach are generally
more detrimental to the condition of a reach than
sources upstream from a reach. (This assumes that
pollution is somewhat ameliorated as it moves down-
stream.) Therefore, in scoring the indicator, distance
upstream and type of source are taken into considera-
tion. However, because beaver impoundments trap
sediment and increase the residence time of water



(allowing time for nutrient processing and removal),
some pollutant sources were disregarded if a beaver
impoundment occurred between a pollutant source and
the assessed reach. Egregious inputs such as toxic
chemicals, domestic sewage, and animal waste, how-
ever, were expected to alter stream water chemistry
even if partially processed through a beaver impound-
ment before entering a reach, and so such inputs were
notdisregarded even if intercepted by an impoundment.

The indicator ‘‘Pollution affecting stream’ was not
explicitly addressed in the ASC SWR sampling pro-
tocol and so it was not scored in the field (Table 2).
However, data collected on stressors (Appendix A)
provided the information needed to reconstruct the
condition and score the indicator using criteria out-
lined in “Pollution affecting stream” (Appendix B).

3.3.7. Factors affecting the riparian zone

Pollution affects hydrology, biogeochemistry, and
habitat quality by contributing excess water and/or
nutrients (primarily nitrogen and phosphorus) and toxic
pollutants to riparian zones (Brinson et al., 1984;
Cooper and Gilliam, 1987; Jordan et al., 1993). Filling,
grading, excavation, channelization, livestock grazing,
and other activities were included as indicators of
alterations to the riparian zone, if they occurred within
the sampled reach. Filling, grading, and excavations of
floodplains prevents them from storing water and
processing nutrients. Channelization drains adjacent
floodplains and increases the capacity of the channel to
convey water. This typically eliminates overbank flow
onto the floodplain, thus degrading the riparian zone.
Access by livestock to floodplains results in trampling
of stream banks and nutrient inputs. Conversion of
floodplains to impervious surfaces eliminates infiltra-
tion altogether. Especially egregious pollutant inputs,
such as toxic chemicals and sewage, would overwhelm
the capacity of a forested riparian zone to remove them
and would be a severe alteration to condition.

Beaver impoundments trap sediment and increase
the residence time of water, thus providing time for
nitrate and suspended sediment removal (Bason,
2004). Therefore, beaver impoundment are expected
to somewhat negate the detrimental effects of some
pollutant sources (Bason, 2004). However, egregious
pollutant inputs, such as toxic wastes or sewage,
would not be ameliorated much by a beaver impound-
ment and so such inputs are not disregarded.

Variations in scoring of the source and types of
pollution reflected the degree to which they were
believed to alter condition in riparian zones. For
example, discharges to the riparian zone from septic or
sewer systems were considered potentially more
detrimental than livestock access (see ‘‘Factors
affecting riparian zone” protocol, Appendix B). Like
the previous indicator, ““Factors affecting the riparian
zone” was not explicitly identified as an indicator in
the ASC sampling protocol and so it was not scored in
the field (Table 2). However, data collected on
stressors (Appendix A) provided the information
needed to reconstruct the condition and score the
indicator using criteria outlined in “‘Factors affecting
the riparian zone” (Appendix B).

3.3.8. Habitat quality of riparian zone
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by species) were used to calibrate this indicator and
score the reaches using the criteria outlined in
“Habitat quality of riparian zone” (Appendix B).

3.3.9. Stream bank stability

As stream discharge increases above base flow,
hydraulic energy is first dissipated along stream bed
and bank and on large down wood and roots residing in
the channel (Williams, 1978). Some of this energy
results in bank erosion, exposed roots, and, when
excessive, causes bank slumping and tree fall. If a
stream channel is not incised, even higher flows
associated with overbank flow transfer total stream
energy to the floodplain where it is dissipated without
erosion over a large surface area, thus protecting
channels from excessive scouring.

While some bank erosion and sediment redistribu-
tion are natural processes, they are minor in low
gradient headwater streams in the coastal plain.
Alteration of riparian condition occurs if erosion,
slumping, and undercutting are excessive (especially
in places other than at cutbanks) and herbaceous
vegetation is unable to re-establish on banks after
extreme events. Low bank stability leads to excessive
introduction of sediment to the channel that is
ultimately transported to downstream ecosystems.

Excessive erosion and bank instability detrimen-
tally affect biogeochemistry and aquatic habitat. Data
for this indicator were initially recorded in the SHA
data sheets under ‘“‘Bank stability and headward
cutting” (Table 2). In adapting this indicator to the
NCEEP assessment protocol, minor changes were
made in the percentages of exposed or eroded bank in
each condition category (Appendices A and B). For
the NCEEP assessment protocol, the *“Stream bank
stability” indicator was applied only to rural high
order streams and not to rural low order streams. Bank
erosion was not observed in low order streams,
probably because the binding effects of streamside
vegetation could not be overcome by the low-energy
flows that typically occur there.

3.4. Applying assessments and limitations

Each of the indicators described above can be
viewed as a component of one or more functions that
can be partitioned by stream channel and riparian zone
(Fig. 4). Averaging the three function scores (obtaining

the mean) for channel and riparian zone provides a
number that separately summarize the condition of
channel and riparian zone. Averaging the condition
scores for stream channel and riparian zone provides a
single score that is useful for comparing reaches.
Averaging reach condition scores of a random sampling
of reaches within watersheds can be used to both
summarize watershed condition and compare water-
sheds with one another. This information could be used
to prioritize restoration projects among watersheds
(Rheinhardt et al., submitted for publication).

When applied to individual sites, assessment of
reach condition using this approach does not provide
sufficient detail to serve as structural design criteria
for restoration projects, but it would be useful for
evaluating proposed alternatives for restorations or
enhancements. Such information has been generally
used by regulators to evaluate mitigation alternatives
or characterize pre- or post-project conditions (Bern-
hardt et al., 2005). The indicators were aggregative
in the sense that field indicators, which described
reference conditions along the continuum from least
to most altered, were aggregated by function scores
for channel and riparian zone and then averaged (mean)
to characterize the channel and riparian condition of a
reach, respectively.

The condition indicators and their logical connec-
tion with ecosystem functioning, as described above,
are based on a very large body of research literature,
including our own recent studies in the Contentnea
basin on headwater streams (Brinson et al., 2006).
Ultimately, indicators should be useful for tracking net
change over time due to stream-riparian improvement
(from restoration) and degradation (from continuing
alterations). This could lead to prioritization of plans
for restoration, depending upon policy guidelines.

Ideally, indicators should be those that are sensitive
to alterations of the ecosystem being assessed and
easily and rapidly measured in the field (Bjorkland
etal., 2001; Dale and Beyeler, 2001; Kurtz et al., 2001;
Carignan and Villard, 2002.). The key to the
usefulness of the approach taken in this study is that
indicator condition scores were calibrated against real
reference sites stratified by biophysical factors and
social constraints. The reference framework of field
sites ranging between extremes of condition was
fundamental for stabilizing the condition assessment
so that individual indicators were scaled to stay within
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bounds of the natural and human-induced sources of
variation. It is our experience that qualified profes-
sionals will agree on what constitutes a ““‘good” site and
what constitutes a highly degraded site. Consensus is
much more difficult for individual indicators as they
often lead to a logic of “more or bigger is better” rather
than actual condition of sites encountered in the field.
Condition categories were based on the range of
variation exhibited by reference data to make it difficult
for users to interject best professional judgment that
would lead to a “more or bigger is better”” scoring
approach. The assessment approach discussed in this
study could be adapted to riparian reaches anywhere, as
long as reference conditions (the range of natural and
anthropogenically controlled variation) are incorpo-
rated into the calibration of indicators.
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Appendix A

Atlantic Slope Consortium reach assessment field data sheets: stressor list and Stream Habitat Assessment field
sheets.

ASC Stressor Checklist

ASC - Stressor Checklist Date Total # of Total # of
Watershed name Site ID, stressor stressor
categoriesfite Total # of stressor categoriesfitems
ms: categoriesfitems: —— -
[ £/ £ E
Enter 1 if present 0 if not present. If prasant "'-"”—“,:&?I?Oﬂevn o 2 2

category. If beaver impoundment, do not assess stressors

STREAM

tile drain (outfalls)

ditch (outfalls)
ditching in riparian corridors

ariificial levee (for flood control) or spoil berms (from
channelization)

pounded by artificial weir or dam
Jffilling. grading, dredging

dominance of dead and/or dying trees (if beaver, enter 0)
Jwater withdrawal suff-take)
Istormwater \nEtslmlvens

Ipoim source (non-stormwater)

excavation (sand, gravel, topsoil removal)

road bed/crossings (bridges, fill with culverts, road, railroad)
other:

TOTAL ITEMS:|

Ci y: St (Erosion
sedlment deposits/plumes (high gradient SHA #4 is <15, low
radient SHA #2 is <10 )

channel incision (refer to bankfull width measurements,
excessively eroding bank slopes (SHA #4 <2.5 either bank)

urban/road stormwater inputs/culverts

channel flow status (high gradient SHA #5 is <15, low
radient SHA #3 is 10, NA for intermittent streams)

active adj; construction, plowing, heavy
Igrazing, or forest harvesting.
siltlines on ground or vegetation
Other:
TOTAL ITEMS:
OTHER
cmgory Dissolved Oxygen STREAM FLOODPLAIN WETLANDS
= STREAM FLOODPLAIN 3[2
TLANDS
rious spills, discharges,plumes,odors
h and wildlife impacts (e.g. tumors, fungi, abnormalities)
djacent industrial sites, of railroad

on stress.

TOTAL ITEMS:| | |
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ASC Stressor Checklist

ion Alteration STREAM

<30m

>30-100 m

FLOODPLAIN

<30m

>30-100 m

OTHER
WETLANDS

<30m

>30-100 m

Category: Veg

mowing

grazing (livestock)

tree harvesting/eutting (>50% canopy, woody vegetation within
past 5 yrs)

brush cutting, mechanized removal of shrubs/saplings

excessive herbivary (wildlife)

chemical defoliation (utility lines, road side, right of way)

crops (annual row crops)

fforest plantations

aquatic weed control (mechanical or herbicide)

dominant presence of exotic or aggressive plant species (e.g.
uniform stands of exotic or aggressive species)

removal of dead and down woody vegetation/debris

other:

TOTAL ITEMS:|

ICategory: Eutrophication STREAM

FLOODPLAIN

OTHER
WETLANDS

direct discharges from agricultural feedlots, manure pits,
aquaculture etc.

direct di

arges fraom sentic ar sewage treatment svstesmempeans

Heavy or moderately heavy formation of algal mats

other:

TOTAL ITEMS:|

<30m

>30-100 m

Category: Acidification

STREAM

<30m

>30-100 m

FLOODPLAIN

<30m

OTHER
WETLANDS

>30-100 m

acid mine drainage discharges

adjacent mined land/spoil piles

ancillary information (yes or no)

other:

TOTAL ITEMS]

boxes)

STREAM

FLOODPLAIN

OTHER
WETLANDS

moderate concentration of suspended soilds in water column,
obvious sediment plumes

other:

TOTAL ITEMS:]

Category: Thermal Alteration (e.g., power plant or industrial
heated discharges, if high temperature, check both boxes)

STREAM

FLOODPLAIN

OTHER
WETLANDS

significant increase in water temperature

recent human-induced canopy removal

other:

TOTAL ITEMS;|

Category: Salinity

STREAM

FLOODPLAIN

OTHER
WETLANDS

obvious increase in concentration of dissolved salts

other:

TOTAL ITEMS:|

‘cmg-ry Turbidity (if high concentration, check both

353
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STREAM HABITAT ASSESSMENT (SHA) FIELD DATA SHEET - INTERMITTENT TO 4th ORDER COASTAL
PLAIN STREAMS (Page 1 of 2)

JAll condition assessments derived from observations within a 100-m reach of stream. Not.annlicahle for.heavsrsancindpd ..
reaches. Stream must originate in coastal plain.

Condition Category

Habitat
Parameter Relatively Unaltered Somewhat Altered Altered Severely Altered
1. Availability of |Several pieces of large downed LDW sparse and/or small in No LDW or LDW represents  |Channel reformed into a
and epifaunal wood (LDW) within channel and size (few or none >10-cm dia.) Jonly one decay class depositedjtrapezoidal shape; bottom
lined [habitat along bank, representing a mix of jor not representing a variety of Jduring an extreme storm event; |banks made of concrete or
ly size (10-40+ cm dia.) and decay decay classes. In intermittent tojchannel frequently de- with rocks; channel regulai
ttent classes. (Recent, large-scale 2nd order streams, no tree snagged'. In intermittent to cleared of debris. In interm
Lo |treefalls from hurricane or other roots with hytrophied lenticels |2nd order streams, channel Jto 2nd order streams, char
extreme weather events not located in stream bottom; few lhas been channelized, but a ditch in a field that is
o applicable.) In intermittent to 2nd  for no large tree roots present infmaintained so infrequently that Jperiodically brush-hogged
e order streams, tree roots with channel capable of blocking trees grow in and/or along remove woody material; cf
hytrophied lenticels are located at Jwater flow or creating small channel. is periodically excavated tc
tain soil surface in channel; large roots [pools. remove sediment and mair

lin channel have potential to block
water flow and create small pools.

drainage.

\Water is dark (tea colored) due to
tannins; little or no silt or sand
deposits on floodplain. In
h~ndheainsadigaier suedins, bottom

15

14 13 12 11

Water has some silt in it; thin (<
3 cm thick) sand and silt
deposited on 20-50% of

\Water is silt laden, esp. after
heavy rains; thick (=3 cm) sand
and silt deposited on channel

Layers of sand and/or silt ¢
bottom over an artificial stc
concrete bottom. Deposits

sstream. In
order streams,
iposits in

ed and/or on

In intermittent to 2nd order

S channel bars and floodplain. In
mostly sandy or clayey, with little or
no silt on bottom or on floodplain.

intermittent to 2nd order
streams, thin layers of
sediment occur behind root

bars or on floodplain. In
intermittent to 2nd order
streams, sand or silt collected
behind root dams, thick sand

transported from u
intermittent to 2nd
thick sand or silt d¢
bottom of stream

streams, water may be clear. dams or on floodplain near or silt deposited near channel [floodplain.
channel. on floodplain.
2 1 0 SCORE 20 19 18 17 16 15 14 13 12 11 10 9 8 i 6 5 4 3
annelized 3. Channel flow |No channel incision apparent; no  |Some channel incision present, JChannel incision apparent; Channel deeply ch
\ear spoil ' regime spoil berm alongside channel. no apparent spoil berms along |spoil berms apparent on usually with high il
Jain. No Floodprone height is more than or Jchannel. Floodprone heightis [floodplain, ranging from low berms along flood)
nk fiood‘mg. approximately equal to top of bank |75-95% of top of bank height Jand/or old berms to more evidence of overb:
is much highe: height (channel incision ratio less  J(channel incision ratio 1.1-1.5.) Jrecent or taller ones). Top of bank height
ight (channel Ithan 1.0 slightly more than 1.0). Evidence of occasional Floodprone height is 40-75% offthan floodprone he

)* On 3rd-4th
ristoric channel

Evidence of overbank flooding,
such as wrack lines, apparent on
flcodplain surface.

overbank flooding, but probably
at a return interval of 2-5 years
rather than 1.5 years.

top of bank height (channel
incision ratio 1.5-2.0)%. No
evidence of overbank flooding,

incision ratio > 2.0
order streams, an
may occur on form

er floodplain. 2
. except possibly after extreme |On low order strea
ipoil and other (rare) flooding events. agricultural fields, :
ly cover material may entire
historic floodplain.
2 1 o MSCORE 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3
" If little or no L DW oceurs within_channel chaslsadneck srredm panks ot s&wea-on pifces' n' tioodpran: TniE Inalcates ae-shagging.

2 If spoil berm from channelization is present, define lowest points along berm as top of bank when calculating incision ratio.
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STREAM HABITAT ASSESSMENT (SHA) FIELD DATA SHEET - INTERMITTENT TO 4th ORDER STREAMS

(Page 2 of 2)

All condition assessments derived from observations within a 100-m reach of stream. Not applicable for beaver-
impounded reaches. Stream must originate in coastal plain.

Habitat

Condition Category

Parameter

Relatively Unaltered

Somewhat Altered I

Altered

Severely Altered

4. Bank stability
and headward
cutting

Banks stable; evidence of
erasion or bank failure absent of]
minimal. Streamside vegetation
tightly binds soil along banks.
No headward erosion of
channel in low order streams.

Banks moderately stable; 5-
30% of bank eroded, esp. at
bends, with some exposed
roots and undercutting; many
eroded areas healing over. In
low order streams, headward
cutting is minimal and occurs

Banks unstable, 30-60% of
bank eroded; erosion and
undercutting prevalent, esp. at
bends; roots of trees along
bank exposed; some trees
toppled into stream from
erosion. In low order streams,

only during rare, heavy rainfalljundercutting exposed roots of

Banks very unstable, 60-100%
of bank eroded; erosion and
undercutting prevalent, esp.
along bends; trees topped into
stream due to undercutting. In
low order streams, headward
erosion of channel present.

events. herbaceous plants; some
headward erosion present.
SCORE (LB) 10 9 7 6 5 5 4 3 2 1 0
10 9 7 6 5 5 4 3 2 1 C
bank Streambank and streamside Only 70-90% of the Only 50-70% of the streambank |Less than 50% of stream
ered zone dominated by native streambank and streamside Jand streamside zone covered |Jand streamside zone cov
vegetation with all strata streamside zone covered with jwith native vegetation, several |by vegetation. Much of
on- (canopy, midstory, understory, [native vegetation, but one strata of vegetation absent or  Jremaining vegetation is n
) and herb layers) represented. [stratum of vegetation absent |not well represented; evidence [native or invasive. Vertic:
one or Few or no exotic or invasive or not well represented; of grazing pressure or periodic |stratification absent (only
al species. No apparent grazing, Junderstory removal or past mowing that will hinder natural Jtwo strata present). Ann.
mowing or selective harvesting [timber harvesting evident, but |succession and recovery within Jrowrops cultivated within
has full of timber within streamside succession is not hindered.  Jbuffer zone. streamside zone or zone
b zone. Mature forest (>50 yr. old)No grazing pressure evident. access to cattle grazing ¢
scores higher than younger Mature forest (=50 yr. old) trampling.
forest. scores higher than younger
forest.
10 9 7 6 5 5; 4 3 2 1 C
10 9 it 6 5 5 4 3 2 1l C
ide) 6. Condition of |Riparian zone (on each side) Riparian zone (on each side) JRiparian zone (on each side) Riparian zone (on each s
or< 6 [Jriparian zone buffered with vegetation for >18 |buffered with vegetation 12-18buffered with vegetation 6-12 m |buffered with vegetation
fiparian \'.r'é@'éfai'ﬂ'c')n \oey im it Bym e, 0ot Hinnian QUSIRE ~H RS SINean, odifram ~teesabnraneant it nand seditle st g, wdid Gl
rone due to human [l|streamside (lawns, construction, imperviousJactivities that occur mostly that occur mostly within outer 6 |left in buffer
zone). surfaces, roads, agriculture, within outer 6 m of 18-m zone |m of 12-m zone score higher activities.
timber harvesting) have not score higher than activities than activities that occur closer
occurred within riparian zone that occur closer to stream.  Jto stream
Mature forest (=50 yr. old) Mature forest (=50 yr. old)
scores higher than younger scores higher than younger
forest forest
1 0 SCORE (LB) 10 gl 7 6 5 5 4 3 2
T 0 [ISCORE (RB) 10 9 7 6 5 5 4 3 2
_________________________________________________________________________________]
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Appendix B.

Field assessment sheets developed for North Carolina Ecosystem Enhancement Program riparian assessments.

Rural Low Order Riparian Assessment, V. 2.0

E. Stream and Riparian Condition (SRC).For each SRC indicator, record on page 3 the SRC indicator score and one or
more letters (a-d) that apply. (If a condition is encountered that is not provided, choose a score, and explain alteration and
rationale for scoring in notes on p. 3.) Verbiage in brackets ([ ]) provides guidance on scoring.

2. Sediment
regime:1

3. Channel-

decay classes'.

(b) LDW in channel and along
banks represents a mix of sizes
>4 inch dia”. Some LDW > 8 inch
dia.

(c) For stream channels that are
dry for long periods, tree roots
with hypertrophied lenticels are
located in stream bottom.

(d) Large (>1 inch) tree roots in
channel create small pools that
trap leaf litter, when available.

decay classes'.

(b) Few or no LDW >8 inch dia.
[If large >4 inch dbh trees grow
along both banks, score 80, if only
along one side, score 70, if
streamside trees are <4-inch dbh,
score 60.]

(c) For streams channels that are
dry for long periods, tree roots
located in stream bottom lack
hypertrophied lenticels.

SRC Condition Category
Indicator Rel. ly Unaltered Somewhat Altered Altered Severely Altered
1. Instream Much large down wood (LDW) in |Some LDW in channel and along JFew or no LDW in channel and |No LDW in channel
woody channel and along banks. (Recent |banks. Some may be partially on banks? but potential supply |(a) Stream is channelized or
structure treefalls from extreme weather buried in channel bottom. is present. deeply incised and periodically
levents or erosion not applicable.) |(a) LDW in channel and along (a) LDW represents only one cleared of debris to maintain
(a) LDW represents a variety of  |banks represents a variety of decay class'. drainage.

(b) For channelized or deeply
incised stream channels that
are dry for long periods,
channel is maintained so
infrequently that small trees or
shrubs grow along channel
banks.

[If large >4 inch dbh trees grow
along both banks, score 50, if
only along one side, score 40, if
streamside trees are <4-inch
dbh, score 30.]

(b) No large trees (>4 inch dbh)
grow along channel banks.

(c) Stream is lined with rocks, rip-|
rap or concrete.

[Assign lowest score to
trapezoidal channels with
concrete bottoms.]

100 90

Little or no silt or sand carried by
stream. Water runs fairly clear
leven during periods of high flow.
(If originating in flats, water is may
be dark (tea colored) due to
tannins.)

(a) Stream is not channelized.

(b) Channel bottom is mostly
sandy or clayey with little or no silt

lon channel bottom or on floodplain

[If sand deposition in channel
bottom is due to upstream
activities, then see "severely
altered” category.]

80 70 60

[Some silt carried by stream.
(a) At high flows, suspended
sediment evident in water.

(b) When water runs clear during
base flow, sedimenf’ can be re-
suspended by shuffling feet in
channel.

(c) Thin layer (<1 inch thick) of
silt deposited on channel bars or
on floodplain surface. [Thickest
deposits score lower.]

(d) Sediment >1 inch thick due to
recent abandonment of
impoundment.

50 40 30

Silt and sand carried by stream.
(a) Water is silt laden, esp.
after heavy rains.

(b) Thick (1-2 inches) silt or
sand deposited on channel
bars, bank edge, or on
ffloodplain (if present).

(c) For streams that are dry for
long periods, sand or silt may
collect behind root dams and be|
deposited on floodplain (if
stream not channelized or
incised).

|floodplain (if present).

20 10 0

Heavy sediment load carried by
stream.

(a) Sediment suspended in water
even during low flow.

(b) Thick (>2 inch) sand or silt
layers recently deposited on
channel bars, bank edge, or on

(c) Evidence that sand or silt
deposits in reach are being
generated by upstream activities.
[Sand or silt on an artificial stone
bottom scores lowest.]

100 90

Strong evidence of overbank flow

80 70 60

Evidence of occasional overbank

50 40 30

Evidence of overbank flow only

20 10 0

Overbank flow eliminated.

riparian zone |on floodplain. flow on floodplain. after extreme (rare) flood (a) Deep channelization with
connection®®  |(@) No apparent channelization or |(a) Some wrack, sediment, trash jevents. spoil berms presenf’.
incision. on floodplain, but sparse and/or  J(a) No or little wrack on (b) Filling and/or leveling of
(b) Wrack, sediment, and/or trash jold. ffloodplain. floodplain, some or all of fill may
on floodplain. [Sparse wrack (b) Stream channelized within (b) Channelization (i.e., spoil have been derived from spoil
scores 45.] historic channel with low spoil berms present and highy’. from channelization.
(c) High water marks on trees berms or breaks in them along  [(c) Channel deeply incised (not |(c) On low order streams in
apparent. channel. (Channel may have beenfchannelized). agricultural fields, spoil and other
(d) No spoil berm alongside channelized in past, but filled material spread over the historic
channel. sufficiently with sediments that |floodplain, entirely covering it.
overbank flow is now common.) (d) Presence of high artificial
(c) Channel slightly channelized levee or other channel-
or incised. containment structure.
|Score (L) = Left Bank: 50 45 40 35 30 25 20 15 10 5 0
IScore (R) = Right Bank: 50 45 40 35 30 25 20 15 10 5 0

1 . . ' .
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Rural Low Order Riparian Assessment, V. 2.0

E. Stream and Riparian Condition (cont.)

SRC Condition Category
Indicator Relatively Unaltered Somewhat Altered Altered Severely Altered
4. Pollution |No on-site or off-site pollution' JOnly off-site pollution’ affects On-site pollution’ affects stream. Especially egregious pollution affects
laffecting affecting stream. stream. (a) Water from roadside ditch stream.
the stream |(a) There is no pollution (a) Pollution feeds directly into  |directly empties into reach. (a) Pollution from confined animal
entering directly into the stream channel within 600 ft (200 |(b) Overland-flow from agricultural |operations entering directly into
stream within the reach or yd) upstream from reach (not field directly enters reach. channel.
within 600 ft (200 yd) located Jwithin reach). (c) Nearstream livestock activity {b) Pollution from septic or sewage
upstream from reach. (b) Water from roadside ditches |appears to pollute channel. treatment systems entering directly
(b) No livestock access to enters stream within 600 ft (200  |[Field edges closer than 10 ft into channel.
channel or waste dumping yd) above reach. scores 30, 10-50 ft scores 40, >50 |(c) Livestock have access to stream
|from confined animal [More sources or more proximate |ft or depressed, grassy swale within reach.
operations (CAO) located pollution sources should be (BMP) scores 50. (d) Sediment input from construction
upstream from reach. scored lower.] activities entering directly into
(c) Stream is not channelized. channel.
Score = 700 50 80 70 60 50 20 30 20 0 0
5. Factors |No factors affecting riparian Factors somewhat affecting Factors affecting riparian zone. Especially egregious factors affecting
affecting zone condition within reach. riparian zone. (a) Stream not channelized and riparian zone.
tharingeian, (A Srepm;icpotnbannelized, AAL Stream, is pobabannsliv.. Ji w2825 21 llution' enters directly into riparian]{@) More thah 25% of riparia
ted, zone (b) No pollution’ empties into  |(b) Some pollution’ empties into  |zone of reach. of reach graded, filled, excava
srnon- J](0-50 ft riparian zone. riparian zone, but only at outer  [(b) Stream is channelized, but no  Jcultivated, or converted to oth:
zone) (c) Livestock do not have fringes (furthest from channel).  |stormwater is diverted to riparian  [forested land covers.
Kking access to riparian zone. (c) EXCEPT If stream is zone. (b) Septic or sewer system lez
[Presence of trash or organic jchannelized, drainage from (c) 5-25% of riparian zone (0-50 ft) [into riparian zone.
waste (clippings. etc.) score  |pollutant source is discharged (or fof reach filled, graded, cultivated, or |(€) Discharge from lagoons of
icharge 45.] diverted) to riparian zone where it jcovered with impervious surface.  |confined animal operations di¢
is detained and processed before |(d) Livestock have access to directly into riparian zone.
scores lentering stream. riparian zone. [5-25% grazed and  |[Lack of forest in riparian zene
|(d) If livestock are present, trampled scores 25, 25-75% scores [lower.]
trampling and browsing are 20, 75-100% scores 15.]
levident over <5% of riparian zone}[Presence of more categories or
greater intensities score lower.]
core (L) = |Left Bank: 50 45 40 35 30 25 20 15 10 5
Right Bank: 50 40 35 30 25 20 15
=T Habitat quality intact. Habitat quality somewhat Habitat quality degraded. Habitat quality extremely degr
rian  [jauality of  JRiparian zone dominated by  fdegraded. (a) Forest (with all strata” intact)  |(a) Forest covers <50% of ripz
riparian old or mature native forest  l(a) Forest (with all strata” intact) |covers 50-75% of riparian zone with [zone with remainder of area
| zone (>95% of area) with all strata® Jcovers 75-95% of riparian zone fremainder of area representing representing other cover types
Jatacr) r\pe-gso fty . lintgct Ng orlow cover of ... _Bwith remaindernfarea.. .. _.__ lothercovertwoes . . __ ) Foregt (31l strata [

exotic or invasive species. No
grazing, mowing, or selective
harvesting within riparian

50-75% of riparian z/
or aggressive specie
in at least one stratu

representing other cover types.
(b) Forest (all strata intact)
covers >95% of riparian zone

(b) Forest (all strata intact) covers
75-95% of riparian zone with exotic
or aggressive species covering

ne with exotic
s covering >25%

—\?érs 50-75% of Zone with exolic or aggressive species |>25% in at least one stratum. (c) Forest canopy cc
least one [Old or Mature forest (=50 yr. Jcovering >25% in at least one (c) Forest canopy covers 75-95% of Jriparian zone with at
s old) scores 50; slightly stratum. riparian zone with at least one understory stratum ¢
not well younger.fofem scores 45. |(c) Forest canopy covers >95% Junderstory stratum of native vegetation absent or
nderstory Exotics in 5-25% in any of riparian zone with at least one Jvegetation absent or not well represented (due to
rvesting, etc.) stratum scores 45.] undersrpry stratum of native representedr(due to understory removal or timber ha
(>50 yr. old) vegetation asent or not well removal or timber harvesting, etc.). |[Old or Mature foresi

[Old or Mature forest (>50 yr. old)
should be scored higher than
younger forests in all cases.]

covering more than :
zone should be scon
forest or lower forest
lack of trees scores (

represented (due to understory
removal or timber harvesting,
etc.)

|(Old or Mature forest (=50 yr. old)
should be scored higher than

5% of riparian
2d 10; younger
cover scores 5,
1]

younger forests.]
SUOIS L]~ JLen Bank: ou' ™ 45 ) 4u " ¥y 77 U " 20 77 F 10 C w0
Score (R) = |Right Bank: 50 45 40 35 30 25 20 15 10

" Pollutant sources include runoff from roadside ditches, channelized tributaries originating in agricultural fields, drainage from impet
containing sewage and livestock wastes. Note, beaver impoundments largely negate the effects of most pollution, except types of p
“altered" and "severely altered" categories. Therefore, other upstream pollutant sources may be disregarded if a beaver impoundme
sources and the assessed reach.

? Intact strata include canopy, midstory, understory, and herb layers. Canopy must be comprised of trees >6 in (15 cm) dbh, includin
following species: red maple, sweetgum, blackgum, tulip poplar, elm, oak, loblolly pine, and sweetbay. A pine plantation does not co
Forest cover could be linearly arranged along channel or in blocks scattered within the riparian zone.

vious surfaces, and flows:
slution described in the
nt occurs between the

g at least 5 of the
unt as native forest.
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E. Stream and Riparian Condition (SRC). For each SRC indicator, record on page 3 the SRC indicator score and one or more
letters (a-d) that apply. (If a condition is encountered that is not provided, choose a score, and explain alteration and rationale for
scoring in notes on p. 3.) Verbiage in brackets ([ ]) provide guidance on scoring.

Condition Category

SRC
Indicator Relatively Unaltered Somewhat Altered Altered Severely Altered
1. Instream Much large down wood (LDW) in Some LDW in channel and along banks. |Few or no LDW in channel and on |No LDW in channel
woody channel and along banks. (Recent Some may be partially buried in channel |banks? but potential supply is (a) Stream is channelized and
structure treefalls from extreme weather events or|pottom. present. periodically cleared of debris to
erosion not applicable.) (a) LDW in channel and along banks (a) LDW represents only one maintain drainage
(a) LDW represents a variety of decay represents a variety of decay classes.  |decay clas<. (b) No large trees (>4 inch dbh)
classes'. (b) Few or no LDW >8 inch dia. [If large >4 inch dbh trees grow grow along channel banks.
(b) LDW in channel and along banks  |[if large >4 inch dbh trees grow along  |along both banks, score 50, if only |[Lowest score should be given to
represents a mix of sizes >4 inch dia.  |both banks, score 80, if only along one |along one side, score 40, if channels that are partially in
Some LDW >8 inch dia. side, score 70, if streamside trees are <4]streamside trees are <4-inch dbh, |culvert or lined with rocks or
inch dbh, score 60.] score 30.] concrete.]
Score = 100 90 80 70 60 50 40 30 20 10 0
2. Sediment Little or no silt or sand carried by Some silt carried by stream. Silt and sand carried by stream. Heavy sediment load carried by
regime® stream. Water runs fairly clear even (a) At high flows, suspended sediment |(a) Water is silt laden, esp. after stream.
during periods of high flow. evident in water. heavy rains. (a) Sediment suspended in water
(a) Stream is not channelized. (b) When water runs clear during base [(b) Thick (1-2 inches) silt or sand |even during low flow.
(b) Channel bottom is mostly sandy flow, sediment can be re-suspended by [deposited on channel bars, bank |(b) Thick (>2 inches) sand or silt
with little or no silt on channel bottom or |shuffling feet in channel. edge, or on floodplain (if present). |layers recently deposited on
on floodplain. (c) Thin layer (<1 inch thick) of silt channel bars, bank edge, or on
[If sand deposition in channel bottom is |deposited on channel bars or on floodplain (if present).
due to upstream activities, then see floodplain surface. [Thickest deposits (c) Evidence that sand or silt
"severely altered" category.] score lower.] deposits in reach are being
(d) Sediment >1 inch thick due to recent generated by upstream activities.
abandonment of impoundment'.
Score = 100 90 80 70 60 50 40 30 20 10 0

intn tha ctraam within tha rasgh Ar 1inctroam fram roach /im \within taach) 1/ Ouadand flow feao anriesanacal loperations entering directlvinto 1

3. Channel- Strong evidence of overbank flow on Evidence of occasional overbank flow onjEvidence of overbank flow only Overbank flow eliminated?.
riparian zone  [floodplain. floodplain. after extreme (rare) flood events’. |(a) Deep channelization with spoil
connection®  |(a) No apparent channelization or (a) Some wrack, sediment, trash on (a) No or little wrack on floodplain. |berms present.
incision. floodplain, but sparse and/or old. (b) Channelization (i.e., spoil (b) Deeply incised (not
(b) Wrack, sediment, and/or trash on (b) Stream channelized within historic berms present and high). channelized).
floodplain. [Sparse wrack scores 45.] channel with low spoil berms or breaks |(c) Channel deeply incised (not (c) Filling and/or leveling of
(c) High water marks on trees apparent. |in them along channel. (Channel may channelized). floodplain, some or all of fill may
(d) No spoil berm alongside channel, have been channelized in past, but is have been derived from spoil from
but perhaps a natural levee. filled sufficiently with sediments that channelization.
overbank flow now is common.) (d) Presence of high artificial levee|
(c) Channel slightly channelized or or other channel-containment
incised. structure.
Score (L) = Left Bank: 50 45 40 35 30 25 20 15 10 5 0
Score (R) = Right Bank: 50 45 40 35 30 25 20 15 10 5 0
4. Pollution No on-site or off-site pollutior affecting |Only off-site pollutior? affects stream. ~ |On-site pollution® affects stream. ~|Especially egregious pollution
affecting the  |stream. (a) Pollution feeds directly into stream  |(a) Water from roadside ditch affects stream.
stream (a) There is no pollution entering directly|channel within 1,500 ft (500 yd) directly empties into reach. (a) Pollution from confined animal

-
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Rural High Order Riparian Assessment, V. 2.0
E. Stream and Riparian Condition (cont.)

riparian zone. (b) Stream is channelized and
[Presence of trash or organic waste drainage or stormwater is discharged
(clippings. etc.) score 45.] (or diverted) to riparian zone where it
is detained and processed before
lentering stream.

(c) Herbicides are applied to maintain
a utility right of way that traverses

that overbank flow sometimes occurs,

but is rare.

channel, thus bypassing riparian
zone.

than other cover types.]

(c) Water from tributary streams and
roadside ditches is diverted directly tojunlikely even during major storm events

SRC Condition Category

Indicator Relatively Unaltered Somewhat Altered Altered Severely Altered
5. Factors No factors affecting riparian zone |Factors somewhat affecting riparian  |Factors affecting riparian zone. Especially egregious paliution or other
affecting the Jcondition within reach. zone. (a) Stream not channelized and [factors affecting riparian zone.
riparian (a) Stream is not channelized. |(a) Stream is not channelized and ditches or tributaries from spray fields|(a) More than 25% of riparian zone of
zone' (b) No pollution” empties into water from properly designed and of CAQ diverted onto riparian zone. |reach filled, excavated, graded, or
l(0-90 ft) riparian zone. maintained detention facilities empties|(b) Stream is channelized with low  Jconverted to other non-forested land

l(c) Livestock do not have access to|into riparian zone. spoil berms alongside channel, such Jcovers.

(b) Stream so incised or deeply
channelized (with high spoil berms) that
overbank flow to floodplain is extremely

AND no stormwater is diverted to former
oodplain.

[Forested riparian zone scores higher(c) Evidence of sewage or discharge

rom confined animal operations (COA)
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